ABSTRACT
INTRODUCTION
In recent years, multiple drug resistance has developed due to indiscriminate use of existing antimicrobial drugs in the treatment of infectious diseases (Service 1995) . This problem demands that a renewed effort to seek the antibacterial agents effective against the pathogenic microorganisms resistant to current antibiotics (Soulsby 2005) . Besides, though synthetic antibiotics are strong medicines and save lives, they cause more harm than good when they are not used in right way (Neu 1992) . Therefore, there is also a need to develop alternative antimicrobial drugs for the treatment of infectious diseases from other sources. One of the possible strategies towards this objective is the rational localization of bioactive phytochemicals (Cordell 2000) . Plants are rich in a wide variety of secondary metabolites such as tannins, terpenoids, alkaloids and flavonoids which in vitro show the antimicrobial properties and could serve as an alternative, effective, cheap and safe antibacterial for the treatment of microbial infections (Cowan 1999) . Tannin, which is a phenolic compound and is soluble in water, alcohol and acetone, gives precipitates with proteins. The antibacterial activity of tannin is well documented. The growth of many fungi, yeast, bacteria and viruses can be inhibited by the tannin. Tannin serves as natural defense mechanisms against the microbial infections (Chung et al. 1988 (Chopra et al. 1956; Kirtikar and Basu 1933; Nadkarni 1954) . In the present investigation, an attempt was made to elucidate the possible antibacterial activity of these plant materials against the common pathogenic bacteria S. aureus, P. aeruginosa and E. coli of clinical origin as well as standard type strains and also to compare their antibacterial potential against the test strains with respect to standard antimicrobial drug, gentamicin.
MATERIALS AND METHODS

Collection, extraction and formulation of plant materials:
Fresh matured plant materials [O. sanctum (leaf), A. indica (leaf), A. marmelos (leaf), T. chebula (fruit) and M. indica (leaf)] were collected from different places of West Bengal and were identified and authenticated by a botanist. Airdried powder of leaves/fruits of each plant was extracted with water and ethanol for 24 h in Soxhlet apparatus. The solvents were removed in rotary evaporator and the crude extracts were dried at room temperature in a steady air-current. The dried extracts of the plant materials were then stored in air-tight jars at 4 o C for microbial analysis. The formulation of the extracts were made by dissolving the ethanolic extract of each plant material in 5% dimethylsulphoxide (DMSO) and aqueous extract in distilled water to a final concentration of 100 mg/ml. 
Microorganisms
Susceptibility test
The tested bacterial strains were inoculated into Mueller Hinton Broth (Oxoid) medium and incubated for 3-6 h at 35 o C in a shaker water bath until the culture attained a turbidity of 0.5 McFarland unit. The final inoculum size was adjusted to 5 x 10 5 cfu/ml (NCCLS 1993). Susceptibility tests were performed by a modified agar-well diffusion method [well technique in double layer (Okunji et al. 1990; Okeke et al. 2001) ]. A 1.0 ml volume of the standard suspension of each test bacterial strain was spread evenly on Mueller Hinton Agar using a sterile glass rod spreader and the plates were allowed to dry at room temperature. Subsequently, 6-mm diameter wells were bored in the agar and a 100 µl volume of 100 mg/ml of each of the reconstituted extract (both aqueous and ethanol) were transferred into the wells. After holding the plates at room temperature for 2 h, they were incubated at 37 o C for 24 h. Inhibition zone diameter (IZD) was measured to the nearest millimeter (mm). Gentamicin (Nicholas, India) (8 µg/ml) was used as the experimental positive control and 5% DMSO as negative control. The tests were performed in triplicate for each bacterial strain evaluated and the final results were expressed as arithmetic average. Only the extracts showing strong inhibitory zone diameter (IZD = 12 mm or more) and wider spectrum of antibacterial activity (Baur et al, 1966) were assessed further for their minimal inhibitory concentration (MIC), minimal bactericidal concentration (MBC) and total activity determination against the clinical isolates. Since, the inhibitory action of both T. chebula and A. marmelos against the type strains and clinical isolates were more or less the same as observed from their IZD values, MIC, MBC and total activity values of the extracts were tested against the clinical isolates only.
Determination of minimal inhibitory concentration (MIC)
Minimal inhibitory concentration values of ethanol extract of T. chebula and A. marmelos plant materials against each of the bacterial test strains were determined by the macrobroth dilution assay method (NCCLS 1993) . Two-fold serial dilution of the ethanol extracts of T. chebula and A. marmelos (0.1-100 mg/ml) were prepared in tubes with Mueller Hinton Broth as diluent. Duplicate tubes of each dilution were seeded with test organisms to the standards concentration (5 x 10 5 cfu/ml). Two-fold serial dilution of gentamicin (Nicholas, India) (0.125-512 µg/ml) was used as the experimental positive control. The tubes were incubated at 37 o C for 24 h. The least concentration of the extract showing no visible growth was taken as the MIC. 
Determination of total activity
The total activity (Ta) of the ethanol extract of T. chebula and A. marmelos were measured from the per gram extracted material and MIC values against each of the test strain using the following mathematical equation to compare the antibacterial potency of A. marmelos and T. chebula extracts quantitatively (Eloff 2004) . Ta (ml) = Amount extracted from 1 g (mg) MIC(mg ml -1 )
The units were adjusted to ml and indicated the degree to which the active extracts in one gram of plant material could be diluted and still inhibited the growth of the test organisms (Eloff 2004) . (Michael et al. 1999) . P. aeruginosa owes its clinical significance to the fact that it is an aetiology of a good number of infections such as septic burns and wounds, conjunctivitis, endocarditis, meningitis, and urinary tract infections. Notably, it serves as a reference species in susceptibility testing on account of its notorious resistance to most antimicrobial compounds (Ho et al. 1998) . Similarly, E. coli, though normally a gut commensal, has attracted the clinical significance owing to the recognition of several strains of diarrhoeagenic E. coli with distinct virulent factors and also an important organism in urinary tract infections (UTIs) (Johnson 1991) . The present study revealed that all the plant materials possessed strain specific antibacterial activity and ethanol was the suitable solvent for the extraction of bioactive plant materials. According to Baur et al. (1966) classification, the bactericidal activity is classified into (i) resistant: if the zone of inhibition is less than 8 mm, (ii) intermediate: if it is 8 to 11 mm, and (iii) sensitive: if the zone of inhibition is 12 mm or more. On the basis of this classification, the present findings revealed that all the test strains were sensitive to the ethanol extract of T. chebula and A. marmelos, Intermediate action was observed for M. indica and O. sanctum and both aqueous and ethanol extracts of A. indica were sensitive only against Gram-positive S. aureus. When the potency of both, the aqueous and ethanol extract of each plant material was compared with gentamicin, a reference standard antibiotic, the ethanol extract of both T. chebula and A. marmelos showed strong wider spectrum of antibacterial activity (60-100%) against all the test strains with respect to gentamicin. Though the crude plant preparations have generally been reported to exhibit the lower antimicrobial activity than the pure antibiotic substances, such as gentamicin (Ebi and Ofoefule 1997; Ibrahim et al. 1997) , high bactericidal activity, low MIC index (1.0-2.0), high total activity and wider spectrum of antibacterial property observed for the ethanol extract of T. chebula against all the test strains in this study indicated its wider spectrum superior antibacterial potential when compared with other plant materials used. Chemical analysis revealed that T. chebula contained 24-32% tannin (Chung et al. 1988) . The chief constituent of this tannin was chebulagic acid, chebulinic acid, corilagin and gallic acid. It had 18 amino acids. Resin and purgative principle of anthroquinone and sennoside nature was also present (http://www.holistic-herbal.com/terminalia -chebula -1.html). Since both, the ethanolic and aqueous extract of T. chebula possessed antibacterial activity. It was presumed that the antibacterial activity of T. chebula could be due to the presence of high content of tannins in it. Thus, the present study has shown that T. chebula has the wide spectrum antibacterial activity and could be a more potent antibacterial agent among the plant materials used. The high content of tannin present in it might be responsible for its antibacterial activity. This reinforces the importance of ethnomedical approach as a potential source of bioactive substances for the treatment of infectious diseases caused by these pathogenic microorganisms.
RESULTS
